and comparisons
with theory!

®» Top Pair Cross-Section
% Single Top Cross-Section
% J/W¥ Cross-Section

% b-Hadron Cross-Section

®» b-Jet & b-DiJet Cross-Sections
®» Charm Meson Cross-Sections

% v+ b/c Cross-Sections >
» y + y Cross_Section ; Beam-Beam Remnants

®» Z-boson Cross-Section
®» W-boson Cross-Section

®» W-+n Jets Cross-Sections
% W/Z +y Cross-Sections
®» W + W Cross-Section

®» 7+ W & Z + Z Cross-Sections

® Inclusive Jet Cross-Sections
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We now have
over 400 pb-! of
data!
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Lepton +Tr-!( ¥ .

70433435 - 2007
Lepton + Lepton B

Bd+3F418 - vadeb’)
I.lp!n + Jots: Kinematic

A7+18+]] fL-rstee
Lepton + Jefs: Kinematic NN

UFSER) QY
Lepton +!ﬂ:.,r Vertex Tag + Kinematic

6.0+15+tl a- e’
Lapton !Jltl: Vertex Tliﬂ :

5817400 -8

I.-ptnn.'l' Jats: Double Vertex Tag .
fL= 182087

SA+51+)d

Ln*mn + Jets: Soft Muon Taf
42:331]] L= 15007
All Hadrapic: \h!ax Tag
T8i5iad] - sesw)
I L T S S T . . L S
2 4 (5] 8 10 12 14
alpp —» i) (ph)
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al Al

2J)N)

100

12 . . TYop Pair Production Cross Section
f-_. |  CDF Runi COF Run 2 Preliminary
= 10
. -
'R 8 I
® 1 1
.‘.-._ e
2
i D Carriari o wl, (hep-ph Bl BT ), m =0 75 [
(i} =2
© 1800 1850 1900 1950 2000
5 (Gel)

®» Observed cross sections consistent with
each other and with the standard
model prediction (1.96 TeV, m, =175
GeV) o) =6.7"7 pb

+0.7
-0.9

Bonciani et al., Nucl. Phys. B529, 424 (1998)
Kidonakis and Vogt, Phys. Rev. D68, 114014 (2003)
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E _I IIIIIII 1I I T 1T 11 | L L L | LI L I T T 171 I IIIIIIII :
. t162pb i £
s-channel —» v e o P E — s<channel §
'; 7:_ 4 _'gm — tchannel ; _:
§ f L. .
o 0.88 pb 3 TR N -
5; "7“"\\ b Fr(geV) —f
] 4:_ /-\\\ - —— CDF data _:
- — singletop  {
. 3F_ A\ . =
11 = \‘\ — 1t ]
P \ — non-top =
b - ‘ — SUM 5
? 1= - —
u: 1 L1 11 | 11 :

t-channel t-channel 100 150 200 250 300 350 400 450

Hy [GeV]

® Search for W + 2 jets and tag one b.
Do likelihood fit to H (s+t channed

C,.. < 17.8 pb @ 95% CL combined).

G,< 10.1 pb @ 95% CL
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CDF Run 1l Praeliminary

107 p———

10!

doldp,{y<0.6) . Br{diy—u) b GeVic)

L | Lata with stat. uncertaintias
Systematioc uncartainties

% The J/Y inclusive cross-section
includes contribution from the
direct production of J/Y and from
decays from excited charmonium,
WY(2S), and from the decays of b-

3 hadrons, B-> J/{ + X.

100 | J/Y coming from b-hadrons J/l'lJ
= ! Lo 0 T will be displaced from
[u] . ] fa . 16

Down to
P.=0!

primary vertex!

CDF (ub)

o(JIW, |Y(J/IW)| < 0.6)

4.08+0.02(stat)+0.36(sys)-0.48(sys)

The Tevatron Connection
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® Run 2 b-hadron P,
distribution compared

with FNCTEQ6M).

Cacciari, Frixone,
Mangano, Nason, Ridolfi

da/dp,(H,) nb/(GeVic)

107

CDF Run Il Preliminary
L I L L L BB

T IIIIIII| T IIIIIIIL

®  Fun ll Inclusive b—Jfiy X, oijyl<1 0=+ & ub |
B Run b Exclugive B+ corracted for ib=0.4_

A& Bun la Exclusive B+ corrected for fb=0_4 3

10® ]
% Excellent agreement e
10’ E —— FORMLL CTEQBM, my =4 75, pepl, o=27 5" | ph 3
between theory and - FOMLL uncertainy from POF{10%), mase, fcirzaon =
experiment! 39.7 pb-! e
1l:il 5 10 15 20 25
Y| < 1.0 p,(H.) GeV/c
N\ CDF (ub) FONLL (b) b-hadron P,
o(b-hadron) 29.4+0.6(stat)16.2(sys) 27.5+11-8.2
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Fraction / 0.24 GeV
°o N ©
N o 1T Llol

o
=
[4)]

secondary verlex mass

o
—

0.05f

5

Secondary vertex mass (GeV)

®» b-quark tag based on displaced vertices. Secondary vertex mass
discriminates flavor.

®» Require one secondary vertex tagged b-jet within 0.1 < |y|< 0.7 and
plot the inclusive jet P, distribution (MidPoint, R = 0.7).
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Arbitrary
— normalization!

E ; CDF Run Il preliminary
- = +. * Data

No.2 L .

e s % : 9 MC (Pythia)
S g 5?‘;% ~ Syst P, scale
3

L=

0.15

0.05

l|||rrl'| T TTITTm

0.1<lybe.7
MidPoint jet R . =0.7

I'1

5

mll\\lll\\lll\\lll\\
LIERLEL

Livills
120

' TS AT A AT Lo s loielguglwiibalialys
&) 80 100 140 180 180 200 220 240

Corrected Pt (GeV)

Secondary vertex mass (GeV)

®» b-quark tag based on displaced vertices. Secondary vertex mass
discriminates flavor.

®» Require one secondary vertex tagged b-jet within 0.1 < |y|< 0.7 and
plot the inclusive jet P, distribution (MidPoint, R = 0.7).
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Nawmalizad ¢n

| A:imuu-ml Angiﬂ Between Tagged Jets differential Cross Section |

o= DB
CDF Run Il Preliminary (45 = 1.96Te ~I——
'E 5 v ( v) A CODF Run Il Preliminary (48 = 1.96TeV)
= o (stat. errors only) # A i (stat. errors only)
E R L AL R
— ; PO RS =
2 04 e Cloaa i 42 Pythia CTEQ &
0.3 E

v

=]

5]
I]IlIIIIIIIIIIIIIII IIlIIIIIIII
- oz

Sz
-
Zmiml

I :'..:”:lllll-..i...i'.'l."r-\_....’........ | :
L N VPR e R N 1 T 60
J ﬁﬂ'.iati Jet2) [ﬁld] /ni-.let Invariant Mass (GeV)
bJet-bbarJet A@ bJet-bbarJet

®» Require two secondary vertex tagged b{ "varantmass |4 5 Onpe of
these tagged jets has to have a corrected tranverse energy greater
than 30 GeV, the other has to have a raw transverse energy greater
than 10 GeV.
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dgidp, [ubi(GeVic)]

% Theory calculation from M.

10"

107

10°}

5 10 “Ip? R

Cacciari and P. Nason:
Resummed perturbative
QCD (FONLL), JHEP
0309,006 (2003)

The Tevatron Connection
August 9-10, 2004

5 10 “Ip? Y 5 10 “Ip? -

o(D’,p, 25.5GeV,|Y|<1) =133+02+1.5ub
o(D*,p, 26GeV,| Y |<1)=52+0.1+0.8ub
o(D*,p, 26GeV,|Y[<1) =43+0.1+£0.7ub
o(D),p, 28GeV,|Y|<1) =0.75+0.05+0.22ub
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=
Q{0
g 160
b—quark —
o 140
gluon =
@ 120
> T 7 T T T 1T 1 1 -
o 0.3 -—
© /5 100
No.2s uds
e 80
[ =
S oz \ 2
® X Jet 60
L0515 S
40
0.1 20
0.05
secondary vertex mass

1 2 3

Secondary vertex mass (GeV)

CDF Run 2 Preliminary—f

j L=66.7pb'
—— Fit to data

b fraction

4 5 6
Mass of secondary vertex (GeV)

® b/c-quark tag based on displaced vertices. Secondary vertex mass

discriminates flavor.
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A PB/CICEOsS

CADN I

E 350 T
Z ]
S 300 CDF Run 2 Preliminary |
B ; ]
2 250 L =66.7 pb
) ]
g soo | —LO (Pythia CTEQ5L) |
5 o ]
%) [
+ —a—
. 150 F ‘
L i
2 100f
(al I T
o] |
i l
ol

25 30 35 40 45 50 55 60

y+e

Photon Et (GeV) Y, + b

60 ——mr—————— T

b)

sol CDF Run 2 Preliminary ;

J L =66.7 pb”

——LO (Pythia CTEQ5L)

40k

30

20

Photon + b cross-section (p

10FT

25 30 35 40 45 50 55 60
Photon Et (GeV)

% PYTHIA Tune A correctly

CDF (pb)

predicts the relative amount | g(b+y)

40.61£19.5(stat)+7.4(sys)-7.8(sys)

of u, d, s, ¢, b quarks within
the photon events. a(cty)

486.2+152.9(stat)+86.5(sys)-90.9(sys)

E.(Y) > 25 GeV
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@ CDF Il Data (207 pb™)
— DIPHOX CTEQSM i, = = m, /2
- - ResBos CTEQSM p. = = m.,

-+ PYTHIA norm to data

Ef> 14 GeV, E” > 13 GeV
In"#<0.9

L i

I L LI L L L L
1 = %
N B =~ |
2 B 0 -t‘-é 10
E - 30 70 507 3 F
1 L
s E ER-S
\% ] - ] E 1=
= E" > 14 GeV, EX > 13 GeV g g
o B | V1,2| <09 N B
B g2 - i '
10 E J ® CDF Il Data (207 pb ) = 0
- !| — DIPHOX CTEQSM p1, = 1, = m, j2 3
C |- - - ResBos CTEQ5M He=Hg=m, T
- - - PYTHIA norm to data -
_I 1 T_I :"I I | I T | I L1 11 I L1 11 I 111 I | I T | I 111 I L1 1 I | I T | I_
10 20 30 40 50 60 5 70 80 90 100
M,y (GeV/c')
Y +Y mass

10-1 L1

y+y Ap

® Di-Photon cross section with 207 pb-! of Run 2 data compared with next-to-
leading order QCD predictions from DIPHOX and ResBos.
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Z=hHoson €ross

0500 Cad -
> - « Z — ee DATA (4242) :'a‘.'lmn— CDF Run Il Preliminary
9400:—D B CDF Run Il Preliminary O .
"23005 _[Ldt=?2.n pb™ ,”;'1“? -‘-Ldtﬂz'ﬂpb
- - I.IJ“":_.
2001 100
u B e Z - eeDATA
100— b o Z —ee MC
- sor
9056 60 70 80 90 ,100 110 120 130 b
M., (GeVic’) i
o 20f
» Impressive agreement between experiment

and NNLO theory (Stirling, van Neerven)! ° pf {{g'éufé} o
CDF (pb) NNLO (pb)
o(Z) 254.913.3(stat)+4.6(sys)£15.2(lum) 251.315.0
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a = Wehoson

Cross

CDF Runll Preliminary, 72pb' =
= 22004 o FTEFEW —uv Cancidal s
£ i
> 2000 L] sum =
a 1800 1 :.I_'l‘whb:: ' E TR W=y
b ~#jLp I
= qgag| LJ W MC :
.E D ] L iep
1400
> ) !
W 4200 -
L]
1000 | =B Z—'T
HII h i
ot 111 ¥ CDF ety = O] 1:
400/ r “- | : 1 Elarim, Fobros. Snlisg. Tlewar LA i & OO Diei
m r| ﬁ" 'i =LA e T LHCE ] deid
J—‘\% il 0.6 iR 12 .4 Lt L& 5
oz Bl 0 120 Taq E_ (TeV)

» Impressir‘]

CDF

NNLO

ry

(Stirlingzl o(W)/a(Z) | 10.92+0.15(stat)+0.14(sys) | 10.69+0.08

CDF (pb)

NNLO(pb)

a(W)

2775+10(stat)153(sys)+167(lum)

2687154
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i | | 2
10 ¢ CDF Run Il Preliminary { 3 '° | ' T T T 3
P i W—e + = n jols 3 - F COF Run Il Preliminary u
o o : s . W—av +=n jats, 127 pb '
S0 Pormimmn | 2 § coroa -
E : " L COFRes|Data 100 pb E ’§ ";::_ \x w Ayl 2o of Jot Energy Scale.
- ] = Sy Bell 4 E =10 GaV.1 g L4
= 1 @ - g & LOOCD paaMi Alpgen .
@10 | b . =) % o LOOCD ppemspr’ Alpgen
&N : 3 5] o ]
o [ ] 2 :
1“ =3 —
10 | i [ 3 : c%% ]
1 B Al I i'%.?;;? i
5 E 10 = s
=1 4. e FunkFe s a %{; ]
= » fais ALPGEN 1,687 08cTaV! . P
%-ﬂ i . a g : - 1 Alpgen + HERWIG —
= 1= _ z E
: . . : - | | . | -
0 1 2 3 4 o 1 2 3 4 5
Jet Multiplicity ( = n jets) Jet Multiplicity (= n jets)

®» Run 2 W + n Jets Cross Section compared with Run 1 (JetClu, R = 0.4).

% Run 2 data compared with Alpgen + HERWIG.
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A)u-cha

nnel

August 9-1

0, 2004

B)t-channel Wiz DF Run 2 Preliminary 202 /pb
q W’Y q f\/\/\ - LI L L I L IO L I L
o & data 259 events
9 ol () Wy— hy MC+BG
q AN\Nwz @ ANN T -~ F [0 QCD +2Zy + tvy ;
-E - B Zy+ 1wy
C) s-channel ; . ™Y
q L4 .LILI 10 |- _+ =
w E : — E
i -
L0 .
, E _
4 " E 1L =
D)Inner Bremsstrahlung g ]
1 = =
4 y r N
w/z ; ]
, v "0 10 20 30 40 50 60 70
E(y)>7GeV |4 Photon E ; (GeV)
R(1y) > 0.7
\ CDF (pb) NLO (pb)
F o(W+y)*Br(W->Iv) 19.7+1.7(stat)+2.0(sys)x1.1(lum) 19.311.4
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o {

752V CY0SsHSECt

A)u-channel

q

2

N
-
=

E.(y)>7GeV |
R(ly) > 0.7

CDOE Run %

B)t-channel CDF Run 2 Preliminary 202/pb
LN EE L% TR SR [ N I

4

I
B9 candidates

(N

Zv— 1l v MC + BG T

Jet— vBG

B

T 7

—|-I|I|

'=E_nu|‘ B L1 e M RARR)

111 |||'|-Fm
20 30 4

-
or

60 70 80

B ’ plﬁfutun E, (Ge\??
\ CDF (pb) NLO (pb)
F o(Z+y)*Bg(Z->1l) 5.310.6(stat)+0.3(sys)+0.3(lum) 5.4+0.3
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Z; Y CY08S Sections
COERUY 2

A)u-channel .
AVAVAN )

)F Run 2 Preliminary 202/pb
q I 08 L A S .1 O VR [ LR T
® B0 candidates -
q AVAVAN 72N 2=l vMC + BG 7
O s Note: a(Wy)/o(Zy) = 4 GovBs
’ % while o(W)/o(Z) = 11 :
’ &
q’ _ .
D)Itwg rung 4
q ! |
Wiz 10 = S E
, I
E(Y)>7GeV |4 photon E; (GeV)
R(ly) > 0.7 y
\ CDF (pb) NLO (pb)
F o(Z+y)*Bg(Z->1) 5.3+0.6(stat)+£0.3(sys)+£0.3(lum) 5.4+0.3
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¥i2

Campbell & Ellis 1999

Missing Transverse Energy

[ ]
on

Events { 20 GeVf
=
1

—
on
Tr[rrrr

10~

CDF Il Preliminary 200 pb'1

wrezzetl
=+ DrelFYan

BB fakes

+ WW (measured @)
—— CDF || Data

N

<
jet“I

S T ()
CDF (pb) ———NLO (pb)
o(WW) (e,p) 14.3+5.6(stat)-4.9(stat)x1.6(sys)+0.9(lum) 12.5+0.8
o(WW) (I+track) 19.41+5.1(stat)£3.5(sys)+1.2(lum) 12.5+0.8
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Upper Limit_ 4 9
CDF (pb) NLO (pb)
N W+Z, Z+Z <13.9 (95% CL) 5.2+0.4

The Tevatron Connection
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CDF Run 1T Winter 2004 Preliminary, £=1914 ph~

August 9-10, 2004

Process -!rl.!rgl";;!r,| f,l‘rgf_-s.‘:f-; flfffff; Coombined
L7 0.07 £ 001 [ 013+ 001 | O8T £ 014 1.07 £0.15
LW - 0.81 £ 0.07 | 0.86 £ 0.14 | 1.67 £ 0.19
LL+LW D07+ 001|094+ 008 ]1.73+027 2744033
WW - - .26 £ 0.20 | 1.26 £ 0.20
Fake 0.01 + 002 007 4+ 0.06 | 0.50 4+ 030 | 0.64 + 0.34
Drell-Yan - - 041 £ 0013 | 031 £ 0.13
8} - - (.08 4 0.02 ] 0.05 £ 0.02
Total Backeround | 0.01 4 0.02 | 0.07 + 0,06 | 2.21 4+ 0.38 | 2.20 + 0,42
Expected 5. + B, | 0,08 £ 0.02 | 1.O1 £ 0.10 | 3.94 £ 0.57 | 5.03 £ 0.64
Upper Limit Data () () | |
CDF (pb) NLO (pb)
N W4z, Z+Z <13.9 (95% CL) 5.2+0.4
The Tevatron Connection Rick Field - CDF/Florida
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= F
10 NLO QCD (JETRAD)
EE Cone R=0.7, |n| < 0.5
107
10'22—
10°C Js = 1.96 Tev
1{}“';— XS@E@E0DG e
10“;— Vs = 1.8 Tev
10'52- T 1
107 \ *2 @A00GeV
10" I . 1 I 1

100 200 300 400

1 1
500 600
Py [GeV]

Parton Level!

"
=R =]

R

d’c / dE, dn (nb/GeV)
= -

10 —e—  Run! (Y5 =1.80 TeV)
—e—  Run Il (Vs = 1.96 TeV)

t
10-5 1 1 | 1 | 1 1 L 1 | L /l | | I 1 i | 1 1 1 L | 1 L 1 1

CDF Niminary
Integrated L = 353 pb*-1!

0.1 < |'h#?Det!| < 0.7
JetCluCone R=0.7

Uncorrected

E, > 500 GeV!

Calorimeter Level!

300 400 500
Inclusive Jet Measured E; (GeV)

® The challenge is that we measure the jets at the “calorimeter level”. We
do not measure partons!
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| COF Bun Il Preliminary I

—_ 3
B - K, D=0.7-0.1<|Y|<0.7 E 10
& C Systematic Ermors
o 25F ! = 1
= - L=145pb" & B
g Lk © 10
= AE - iy,
= - + o "]'-E
= 415k e =
s O F -3
g : -_"4-“4."-' o 10
= 1:— ------------------------- .E 10'4
5 -~
0.5 AT P PR (P (RO, RN [URIPEL U (T U = 1“‘5
0 50 100150 200 250 300 350 400 450 500 'E 6
P, [GeVic] 3
: o 107
10
We are using Kt and -g
MidPoint in Run 2! 10

K+ D=0.T - 0.1=|Y]|=<0.7
—_—— [ata

=ystemalic Ermors
—p— Pythia (CTEQSL)

0 100 200 300 400 500 600 700
P, [GeVic]

® The Run 2 Kt inclusive jet cross section compared with PYTHIA Tune A

(CTEQSL).
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[TCOF Run 1T Praliminary \\

- 2

E E K, D=0.7-01<
L Systematic s

W 2.5k

Qo L=145pb’

= ] n

s F

m =

p 1.5

= N

=) 1 e BT S

0.55
0 50 100150 297

We are using Kt and
MidPoint in Run 2!

\/ E — 4.7 - 0.1<|Y]<0.7
Liata
I wish we had a QCD Systematic Errors
—eia (CTEQSL)
NLO Monte-Carlo
Model with Parton-Showers,
Fragmentation, Beam-Beam S
' .,
Remnants, etc. ;
oy b 200~_ ) 400 500 600 700
P; [GeV/c]

®» The Run 2 Kt inclusive jet c| 4s section compared with PYTHIA Tune A

(CTEQSL).
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